SUMMARY -Atrial fi brillation is associated with systemic embolization and complications due to anticoagulant therapy. Radiofrequency ablation has been established as an eff ective and safe method for the treatment of atrial fi brillation. Th e aim of this study was to evaluate the eff ect of the size of the left atrium on the outcome of surgical radiofrequency ablation. Forty patients scheduled for elective mitral valve surgery and radiofrequency ablation were enrolled in the study. Group 1 consisted of patients with a left atrium diameter ≤5 cm and group 2 of patients with left atrium diameter >5 cm. Th e primary endpoint of the study was stable sinus rhythm 6 months postoperatively. At 6 months postoperatively, sinus rhythm was present in signifi cantly more group 1 patients as compared with group 2 patients, i.e. 15 (75%) vs. 8 (40%), p=0.025. Multivariate analysis proved the size of the left atrium to be an independent predictor of the radiofrequency ablation outcome. Accordingly, the size of the left atrium was demonstrated to be an important predictor of the outcome of radiofrequency ablation for atrial fi brillation. A lower cut-off value of surgical reduction of the atria than previously reported should be considered in order to improve the radiofrequency ablation outcome.
Introduction
Atrial fi brillation (AF) is found in about 4% of the general population aged >60 and in about 9% of those aged >80, which makes it the most common cardiac arrhythmia in the general population 1 . It is a global healthcare problem and with the ongoing aging of the general population, its prevalence and incidence is estimated to double in the next 50 years [2] [3] [4] . It has major medical and economic implications, as it is associated with compromised cardiac function, systemic embolization, and complications associated with anticoagulant therapy, resulting in higher mortality, morbidity, and prolonged hospital stay [4] [5] [6] [7] [8] . Th e traditional anti-arrhythmic medications for AF are limited in long-term effi ciency and have signifi cant and sometimes fatal adverse events 9 . Depending on the cardiac pathology, over 58% of patients with mitral valvular heart disease had electrocardiographically documented AF with adverse hemodynamic eff ects before cardiac surgery 10, 11 . Although the Cox-Maze III cut-and-sew procedure provides excellent short-and long-term results both in convert-ing AF to sinus rhythm and preventing thromboembolic complications, it is not widely accepted among surgeons due to its technical complexity and long duration [12] [13] [14] [15] . As a consequence, bipolar radiofrequency ablation (RFA) has been established as a simple, eff ective and safe alternative method capable of creating fast transmural tissue lesions of the atrial myocardium 16, 17 . It provides a shorter time of surgery and reduces the risk of perioperative complications 6, 7, 12, 13 . Risk factors such as the size of the left atrium (LA) [18] [19] [20] , AF duration 20 , persistent vs. paroxysmal AF 18, 19, 21 , female gender 22 , higher CHADS 2 score 23, 24 , presence of hypertension 18, 25 , coronary artery disease 19 , and metabolic syndrome 26 have all been correlated with a less favorable success of ablation. Among them, larger LA size remains one of most cited predictors of long-term ablation outcome [18] [19] [20] [21] 27, 28 . However, the results of these studies have so far been contradictory and rather inconclusive. Furthermore, there are no clear recommendations at what atrial size an LA reduction procedure should be considered. Th e aim of this study was therefore to evaluate the eff ect of the 5-cm threshold LA size on the outcome of surgical RFA in patients undergoing elective mitral valve surgery.
Patients and Methods
Th e study was conducted in patients scheduled for elective mitral valve surgery and concomitant RFA for permanent atrial fi brillation between September 2008 and December 2009. Th e study protocol was approved by the institutional medical ethics committee and in full accordance with the World Medical Association Declaration of Helsinki.
Exclusion criteria included emergency surgery, AF lasting for less than 6 months, and severe systolic dysfunction of the left ventricle (ejection fraction <25%). Once the patient was considered eligible for enrolment, she/he was informed about the study protocol and a written informed consent was obtained. Th e patients were divided into two groups regarding the LA diameter. Group 1 consisted of patients with LA diameter ≤5 cm and group 2 consisted of patients whose LA diameter was greater than 5 cm. Th e LA diameter was measured echocardiographically as the end-systolic anteroposterior linear dimension obtained from the parasternal long axis view. Twenty consecutive patients were included in each group.
In addition to the preoperative echocardiogram, basic demographic, laboratory, and medical data were obtained and recorded before surgery. Patients in both groups received the same preoperative medical premedication and underwent the same anesthesia protocol. All patients underwent standard full sternotomy and cardiopulmonary bypass with mild hypothermia. Antegrade and retrograde cold blood cardioplegia was used for cardiac protection. Th e ablation procedure was performed with the Medtronic Cardioblate bipolar RFA clamp.
Radiofrequency ablation around the right and left pulmonary vein orifi ces, as well as around the base of the LA appendage was usually performed before clamping the aorta. After the aortic cross-clamping, two connecting lesions were made on the LA posterior wall between both islands of pulmonary veins (box lesion). Th e LA appendage was closed from the atrial side using a running polypropylene 4/0 suture.
Intraoperatively, surgical data such as cardiopulmonary bypass time, aortic cross-clamp time and type of surgery on mitral valve were recorded. Postoperatively, both groups underwent the same routine postoperative intensive care unit (ICU) and ward care. All patients received amiodarone intravenously 300-600 mg b.i.d. for the fi rst 3 postoperative days. Afterwards, or when the patient's condition allowed, amiodarone was continued orally in a dose of 200 mg daily. In case of a relapse of AF, electroconversion was performed after a thrombus in the LA was excluded with transesophageal echocardiogram (TEE). In case of severe bradycardia (<50/min), amiodarone was discontinued. A permanent pacemaker was implanted in case of long-standing bradycardia (>10 days). All patients received oral anticoagulation therapy with warfarin for 6 months regardless of their heart rhythm, with a target INR 2.5-3.5.
All patients underwent a 6-month follow-up. Postoperative electrocardiograms (ECGs) were used to assess heart rhythm. Th ey were performed routinely before discharge from the hospital and afterwards at 3 and 6 months after the surgery. Additional ECGs were performed at the discretion of the referring physicians. If the patient was found to be in AF, conversion to sinus rhythm was attempted with electroconversion. A TEE was performed prior to conversion if the patient was not adequately anticoagulated for the last 6 weeks. In addition to ECG, a transthoracic echocardiogram was performed 6 months after the surgery. To declare a patient to be in normal sinus rhythm, in addition to an ECG, sinus rhythm had to be confi rmed echographically as well.
Th e primary endpoint of the study was the percentage of patients who were in sinus rhythm 6 months after the surgery.
Continuous variables were compared using the Student's t-test for parametric and Mann-Whitney U test for nonparametric data. A paired-sample t-test was used to compare preoperative and postoperative echocardiogram data. Categorical variables were analyzed using χ 2 -test or Fisher exact test, as appropriate. Additionally, a binary logistic regression model was constructed using factors found to be signifi cant in univariate analyses (p<0.05) to assess the independent correlates to sinus rhythm after 6-month follow-up. All statistical analyses were performed using the SPSS 22.0 software (IBM Corporation, Armonk, NY, USA).
Results
A total of 40 patients were included in the study, with 20 patients in each study group. Th e results are reported as mean ± standard deviation for continuous data and frequencies (percentages) for categorical data. Th e groups were well matched for baseline demographics, preoperative medications, and comorbidities (Table 1) . Th e mean LA diameter diff erence between the study groups was 15.8 mm (mean diameter was 45.6±4.6 mm in group 1 and 61.4±6.8 mm in group 2; p<0.001).
Both groups had similar intraoperative characteristics with no signifi cant diff erences regarding cardiopulmonary bypass time, aortic cross-clamp time, and the ratio of mitral valve repair/replacement (Table 2) .
Th e postoperative heart rhythm is shown in Table  3 . No signifi cant diff erences between the study groups could be detected regarding the heart rhythm at discharge from the hospital. Similarly, no statistically signifi cant diff erences were identifi ed three months after the surgery. However, after 6 months, signifi cantly more patients were found to be in sinus rhythm in group 1 as compared to group 2 (15 (75%) vs. 8 (40%); p=0.025).
Th e binary logistic regression analysis demonstrated the LA size larger than 5 cm to be an independent predictor of the success of surgical RFA. In addition to the LA size, patient age and preoperative left ventricular ejection fraction (LVEF) also proved to be independent predictors of the success of surgical RFA (Table 4) . Regarding the echocardiogram 6 months after the surgery, a signifi cant decrease in the LA diameter compared to the preoperative values was detected in both groups (Fig. 1) . However, there were no significant diff erences when comparing the mean LVEF before the surgery to the values 6 months after the surgery in either group (group 1: 49.2±9.6% vs. 47.4±8.8%, p=0.205; and group 2: 49.6±10.1% vs. 47.9±8.5%; p=0.157).
Eventually, as summarized in Table 5 , analysis of the postoperative course and complications did not show any diff erences between the groups. Th e length of ICU stay and overall hospitalization time did not diff er between the groups. No lethal outcomes and neurologic adverse events were observed in the study. Th ere were no sternal wound infections either.
Discussion
Chronic volume and pressure overload due to mitral valve disease results in dilatation and structural LA changes. Although the exact mechanisms remain unclear, mechanical stretching itself, along with consequent histologic changes such as fi brosis, necrosis and atrophy alter the electrical characteristics of the atrial myocardium. Unidirectional conduction blocks, prolonged circuit lengths, non-homogeneous repolarization, and altered refractory periods are the underlying electrophysiological substrates for triggering and maintaining the re-entrant circuits of AF 28, 29 . It has been shown that AF and LA size are mutually interdependent. Many studies have confi rmed LA dilatation as the cause of AF 30, 31 , and vice versa, AF was also shown to be the cause of LA enlargement 32 . Although mitral valve surgery is mandatory to eliminate the pressure and volume overload of the LA, it is by itself inadequate to induce spontaneous conversion to sinus rhythm 33 . Th ese fi ndings indicate irreversible underlying histologic and electrophysiological changes in the atrial myocardium. Th erefore, an additional ablative procedure is necessary to effi caciously restore sinus rhythm.
In this study, the mean LA size at 6 months after the surgery was signifi cantly smaller compared to the preoperative values in both groups. As we did not perform any surgical reduction of the left atria, we assume that this was due to a combined eff ect of both mitral valve surgery and the ablative procedure. However, the clinical consequence of this size reduction is questionable as the mean postoperative reduction of the LA diameter in groups 1 and 2 was only 3.2 mm and 2.3 mm, respectively.
In general, the reported long-term success rate of RFA for AF in patients with AF and mitral valve surgery varies from 65% to 90% 34, 35 . Th e results of our study are consistent with these reports, however, only in the group of patients with the left atria smaller than 5 cm. In the group with the larger left atria, we observed a signifi cantly worse outcome as only 40% of the patients remained in sinus rhythm at the 6-month follow-up period. Th ese results highlight the importance of good and consistent long-term follow-up of these patients. Th is is particularly important in patients with larger atria. In the group of patients with the left atria larger than 5 cm, the number of patients with stable sinus rhythm 6 months after the procedure nearly halved compared to the number of patients who were in sinus rhythm at the time of discharge from the hospital (8 vs. 13 patients).
Left atrial size is certainly one of the most cited predictors of the outcome of RFA for AF [18] [19] [20] [21] . However, despite a large body of data and studies currently available, the results are often contradictory and inconclusive. In many cases, it is still diffi cult for a surgeon to foresee the success of a concomitant RFA procedure and to recognize the circumstances where prolonged procedure time, the risk of potential complications, and additional fi nancial burden are warranted.
Many clinical investigators have set thresholds of the LA diameter in order to predict the effi cacy of surgical treatment of AF. Melo et al. 36 report the boundary of 5.5 cm, Yin et al. 37 set the threshold at 5.8 cm and Cao et al. 38 at 6.8 cm. Similarly, Isobe et al. 39 recommend LA reduction procedure only in patients with an LA diameter larger than 80 mm and a chest x-ray cardio-thoracic ratio greater than 70%.
However, with regard to the results of our study, a lower threshold value of the LA diameter is to be considered where additional measures for improving the outcome of RFA should be considered (biatrial lesion set, atrial reduction procedure).
Numerous studies have reported better results of RFA using both left-and right-sided atrial lesion 40, 41 . However, isolated LA ablation is still widely used and extensively studied worldwide, both in open and especially in minimally invasive procedures [42] [43] [44] [45] . Furthermore, many recent studies report that the limited, left side-only lesions are not only eff ective 43 , but may provide equivalent results as biatrial lesion sets [46] [47] [48] . Th ere also are some important limitations of this study, which need to be mentioned. Firstly, it was a relatively small, single-center study with only 40 included patients and a follow-up period of only 6 months. Th e identifi cation of sinus rhythm relied on repetitive ECG recordings; no 24-hour Holter or continuous subcutaneous monitoring was implemented to detect potential paroxysms of AF. Furthermore, several diff erent ablation technologies exist nowadays that use diff erent energy sources to create tissue lesions; among them, radiofrequency and cryoablation are the most widely used. Because the present study focused only on (bipolar) RFA, the results may at least partially be also dependent on the ablation technology used.
In conclusion, although with some limitations, our study suggests that a suboptimal outcome of RFA is to be expected in mitral valve patients with larger LA. A lower cut-off value for reduction of the atria, as previously reported, may therefore be considered. Future research is warranted to better determine this threshold and to evaluate if additional right atrial lesions and/or an atrial reduction procedure could improve the outcomes of RFA in patients with LA diameter larger than 5 cm.
